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APPLICATIONS OF NEWTON'S LAWS
INTRODUCTION
Perhaps at some time you have had occasion to swing a massive object at the
end of a rope. Maybe you have watched a parent swing a child around by his
outstretched arms or have been fortunate enough to watch an athlete throw the
hammer. But all of you have heard or watched an automatic washer go through
a spin-dry cycle. How was this spinning drum with holes in its periphery able
to speed up the "drying" process? The clothes were too large to pass through
the holes in the drum and were "held" ina circular path but the water droplets were small enough to pass through the holes. We all know what happens
when the stone is no longer restrained in the revolving slingshot. The water
droplets fly through the holes in a straight-line path and are then disposed
of.
In this module you will explore the nature of the forces responsible for this
circular motion. You will also look into the motion of several bodies connected together such as a plow to a horse, a train to a locomotive, or a
barge to a tugboat.
PREREQU IS ITES

,

I,

Before you begin this module, you should
be able to:

Location of
Prerequisite Content

*Identify forces acting on an object and
draw a free-body diagram of the object
(needed for Objectives 1 and 3 of this
module)

Newton's Laws Module

*Determine acceleration for uniform circular
motion (needed for Objecttve 2 of this
module)

Planar Motion Module

*Apply Newton's second and third laws to
single-body problems (needed for Objectives
2, 4, 5 of this module)

Newton's Laws Module
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LEARNING OBJECTIVES
After you have mastered the content of this module you will be able to:
1.

Centripetal force - For a particle undergoing circular motion, draw
a free-body diagram and identify the interactions responsible for the
centripetal force; these forces may be gravitational forces or contact
force exerted by another body.

2.

Uniform circular motion - Search out the necessary conditions concerning radius, speed, and forces to solve problems by applying Newton's
second law to a particle undergoing circular motion.

3.

Free-body diagram - For a system of two or three interacting bodies,
(a) identify the forces of interaction; and (b) draw a free-body diagram (using a particle representation) for each body.

4.

Newton's third law - Apply Newton's third law to determine actionreaction force pairs between the bodies of a two- or three-body
system.

5. Two- or three-body motion - Use Newton's second law to solve problems
relating the motion of several bodies comprising a system and the external and internal forces acting where (a) the acceleration is uniform; or (b) the motion is uniform circular.
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Frederick J. Bueche, Introduction to Ph sics for Scientists and En ineers
(McGraw-Hill, New York, 1975 , second edition

SUGGESTED STUDY PROCEDURE
i

\

Read Section 10.7 in Chapter 10,
appears in Eq. (10.13) is called
of motion r and the linear speed
circular motion w = elt, where e
w

relative to Objectives 1 and 2. The w that
angular speed and is related to the radius
v of the body by w = vIr. For uniform
is the angle subtended in a time t.

= 8/t, v = sIt, where the arc distance s = r8.

t1
For Objectives 1 and 2, read General Comments 1 and 2. Then study Problems
A, B, and C in this Study Guide. Solve Problems J and K and Problems 8 and
20 in Chapter 10 of your text.
Read Chapter 5, Section 5.5 of the text for Objectives 3, 4, and 5; carefully
study the illustrations in this section. For Objective 5, read General Comment 3 below. Study Problems D through I in this Study Guide before working
Problems L through Q. To check mastery, try the Practice Test.

BUECHE
Objective
Number

Readings

Problems with
Solutions
Study
Text*
Guide

1

Sec. 10.7,
General
Comment 1

A, B

2

Sec. 10.7,
General
Comment 2

A, B, C I11us.
10.3,
10.4

3

Sec. 5.5

D, E, F,
G, H, I

Study
Guide

Text

J, K

Chap.10,
Probs.
8, 20

Additional
Prob1 ems

Chap. 10,
Probs.
9,11,18

D, F

4
5

*Ill us.

Assigned Problems

Sec. 5.5

=

Illustration.

D, E, F, I11us.
G, H, I 5.5,
5.6

L, M, N,
0, P, Q

Chap. 5,
Probs. 15,
17, 19-22,
24-26
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David Halliday and Robert Resnick, Fundamentals of Physics (Wiley,
New York, 1970; revised printing, 1974)

SUGGESTED STUDY PROCEDURE
Read Section 5-13 in Chapter 5 of your text in relation to Objectives 1 and 2.
Go over the three excellent examples in this section. In Example 9 note
the method for changing v to revolutions per second. This latter unit is a
measure of angular speed and designated w. (Note this usage in Problem A.)
Next read General Comments 1 and 2. Study Problems A, B, and C before solving
Problems J and K of this module and Problems 67 and 77 in Chapter 5 (pp. 94a,
94b) .
Go over Examples 1 and 2 in Section 5-6 in relation to Objective 4 and Examples
5 and 6 in Section 5-11 in relation to Objective 5. Also read General Comment
3. Before solving Problems L through Q, study Problems D through I.
Try the Practice Test before attempting a Mastery Test.
HALLIDAY AND RESNICK
Objective
Number

Readings

Problems with
Solutions
Study
Text
Guide

1

Sec. 5-13,
General
Comment 1

A, B

2

Sec. 5-13,
General
Comment 2

A, B,
C

Additional
Problems

Study
Text
Guide (Chap. 5)

(Chap. 5)

J, K

67, 77

68, 70-72,
74

D, E,
F, G,
H, I

3

4

Ex. 9,
10, 11

Assigned Problems

Sec. 5-6

D, F

Ex. 1 ,
2

5

*Ex.

Sec. 5-11,
General
Comment 3

= Examp1e(s).

D, E,
F, G,
H, I

Ex. 5,
6

L, M,
N, 0,
P, Q

47, 58-61,
64, 65
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Francis Weston Sears and Mark W. Zemansky, University Physics (AddisonWesley, Reading, Mass., 1970), fourth edition

SUGGESTED STUDY PROCEDURE
Your readings will be from Chapters 2, 5, and 6 of the text. Read Sections
6-7 and 6-8 in relation to Objectives 1 and 2. Go through the four worked
examples in these sections. Note in Example 1 of Section 6-7 how the speed
of the body is changed from revolutions per second (in Problem A we designate
this as w) to centimeters per second. Study the excellent multiflash photographs in Figure 6-16 (p. 85). For Objectives 1 and 2, read General Comments
1 and 2. Then study Problems A, B, and C. Solve Problems J and K in this
module and Problems 6-32 and 6-35 of your text.
Read Section 2-5 of Chapter 2 before studying Example 1 in Section 2-6 and
Example 4 in Section 5-6 (p. 64) for Objective 4. Then study Example 5 in
Section 2-6 (p. 22), Example 5 in Section 5-6 (pp. 64,65), and General
Comment 3 for Objective 5. Study Problems 0 through I before solving Problems
L through Q. Then try the Practice Test.
SEARS AND ZEMANSKY
Objective
Number

Readings

Problems with
Solutions
Study
Text
Guide

1

Sec. 6-7,
General
Comment 1

A, B

2

Secs. 6-7,
6-8,
General
Comment 2

A, B,
C

Ex. 1,
2, 3,
(Sec.

Assigned Problems
Study
Guide

Text

J, K

6-32,
6-35

Additi ona 1
Problems

6-29, 6-30,
6-31, 6-33,
"6-36, 6-39

6-7)

Ex.
(Sec.
6-8)
0, E,

3

F, G,
H, I

4

Secs. 2-5,
2-6, 5-6

0, F

Ex. 1, 2
(Sec. 2-6),
Ex. 4
(Sec. 5-6)

5

Secs. 2-6,
5-6,
General
Comment 3

0, E,
F, G,
H, I

Ex. 5
L, M,
(Sec. 2- N, 0,
6) Ex. 5 P, Q
(Sec. 5-6)

*Ex. = Example(s).

5-26 to 5-28,
5-30 to 5-32,
5-34 to 5-36
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Richard T. Weidner and Robert L. Sells, Elementary Classical Physics
(Allyn and Bacon, Boston, 1973), second edition, Vol. 1

SUGGESTED STUDY PROCEDURE
Read Chapter 8, Sections 8-5 and 8-6 of the text and study Examples 8-9 and
8-10 carefully in relation to Objectives 1 and 2. Then read General Comments
1 and 2. Study Problems A, B, and C in this study guide before solving Problems J and K and Problems 8-22 and 8-27 in your text.

!
"

Study Example 8-6 (p. 112) in relation to Objectives 3 and 5. For Objective
5, read General Comment 3 before studying Problems D through I. Solve
Problems L through Q before you try the Practice Test.
WEIDNER AND SELLS
Objective
Number

.',

Problems with
Solutions
Study
Text
Guide

1

Sec. 8-5,
General
Comment 1

A, B

2

Secs. 8-5,
8-6,
General
Comment 2

A, B,
C

3

D, E,
F, G,
H, I

4

D, F

5

I

Readings

Sec. 8-2,
General
Comment 3

*Ex. = Example(s).

D, E,
F, G,
H, I

Assigned Problems
Study
Guide

Text

Ex.*
8-9,
8-10

J, K

8-22,
8-27

Ex.
8-6

L, M,
N, 0,

P, Q

Additional
Problems

8-18,8-24,
8-25 (hard)

8-2, 8-13 to
8-15, 8-19
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GENERAL COMMENTS
1.

Centripetal Force

You should not be misled into thinking that a centripetal force is different
in nature from other forces. Centripetal forces may be pushes or pulls exerted
by strings or rods. They may arise from gravity or friction, or they may be
the resultant force arising from a combination of causes.
For a particle undergoing uniform circular motion, the centripetal force is
merely the name given the resultant force on the particle. For nonuniform
circular motion, the centripetal force is the component of the resultant
force directed toward the center of the circular path.
In working uniform-circular-motion problems, you may wish to "freeze" the
motion of the body (take a snapshot of it) at a given time and set up a
rectangular coordinate system at the body with one axis pointing toward the
center of motion. You may also wish to use what are called cylindrical coordinates. This is comparable to using polar coordinates in the xy plane
and the z axis or (r,~.z). Hence you can place your origin at the center
of motion and resolve the forces into their rand z components in order to
apply Newton's second law in these directions:
L Fz

= rna,

L Fr

= mi /r .

z

y

2.

o

Noninertial Frame

You should notice that we are working in an inertial reference frame again
(a frame in which Newton's first law holds). You must not be trapped into
thinking that you can use the standard approach to problems (using Newton's
laws) in a noninertial reference frame. Take, for an example, a very smooth
glass block resting on a highly polished merry-go-round surface (there is
still some friction). Assume you are on the merry-go-round as it begins

STUDY GUIDE:
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to turn. What happens to the block? The block slides off the merry-go-round.
Why? According to Newton's first law the block should remain at rest unless
acted upon by an unbalanced force. But what was the interaction that gave
rise to this force? Only the observer on the ground (inertial system) can
interpret the situation. The block was initially at rest, and if the surfaces were frictionless, according to Newton's first law it would remain at
rest. The merry-go-round would simply rotate under the block. But because
there is friction and now relative motion between the surfaces the block will
slide off. If the frictional force is great enough the block will rotate
with the merry-go-round.
Therefore, this module will deal only with inertial coordinate systems.
3.

Massless Ropes and Frictionless Pulleys

Most of the cords, ropes, and cables you will meet in problems in this module
have masses so small they can be neglected. Such a "massless" cord, rope,
or cable exerts the same magnitude of pull on each object to which it is
attached at either end. Do you see why this
is so? Consider the rope in the diagram at
the right, connecting objects 1 and 2.
Newton's third law guarantees that
+-F
F2r +
rl

F1r = -Frl

~

~

r:

where Flr is the force that object 1 exerts to
the left on the rope, Frl is the force that
the rope exerts to the right on object 1,
etc. Applying Newton's second law to the rope yields

because the rope is massless (M r = 0).
us

~.

(1)

1r2

Combining these three equations gives

as claimed. When the rope passes over a pulley (which will also be "massless"
in this module, as well as frictionless), it is only necessary to imagine that
the rope is divided into very short segments where it wraps around the pulley.
Since the frictionless pulley exerts no force on such a segment along its line
of motion, Eq. (3) holds again for each of these segments. But then, with
Newton's third law guaranteeing equality of the magnitude of the force from
one segment to the next, this means that Eq. (3) must hold also over the whole
length of the rope. Thus, for a "massless" rope we need talk dbout only one
magnitude of force; this is usually called the "tension in the rope."

STUDY GUIDE:
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PROBLEM SET WITH SOLUTIONS
A(l).

/'.

A rubber eraser of mass 0.040 kg is placed on a horizontal metallic
disk of radius 0.200 m that is rotating with a uniform speed. The coefficient of friction between the eraser and the disk is 0.50.
(a)

Draw a free-body diagram for the eraser.

(b)

Identify the interaction(s) responsible for the centripetal force.

(c) The eraser is positioned 0.050 m from the center of the disk.
Find the minimum number of revolutions per minute (r/min) required
so that the eraser slips on the disk.
(d)

If the disk is spinning at 70 r/min describe the region of the
disk where the eraser can be placed so that it will ride on the
disk without slipping. Why;s there no slipping in this region?

Solution
(a)

f

en

f

I

CI
mg

~:g

'"

Jj
'"

i

(b) Only the frictional force is responsible for the centripetal force. -+Nand
-+
mg have zero components toward the center.
(c) Applying Newton's second law, with the radius of the disk represented by R:
~Fx
~Fy

= max'
= may,

_

2

f - mv /R,
N - mg

= O.

But f = ~N = ~mg just when slipping is about to begin.
~mg

= mv 2/R or v2 = R~g;

and
v = [R~g]~ = [(0.050 m)(O.50)(9.8 m/s2)]~
= 0.49 mist

Thus

STUDY GUIDE:
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The circumference of the path is 2nR or one revolution:
w = 0.49 m/s

(d)

= 70 r/min
v = 7.33R Hz.

w

(r/min)(2n(0~050))(m~n)(~0) = 94 r/min.
or v

= 70 (m~n)(m~n)(~0)(fr)(2nR(ieters)),

The centripetal force required for this speed is mv 2/R or
m(7.33)2R Hz2 = 2.15R kg/s 2.
Friction is responsible for the centripetal force, so f

= 2.15R

kg/s 2, but

f $ ~mg = (0.50)(0.40 kg)(9.8 m/s2) = 0.20 N.
Thus, for maximum frictional force:
2
R=
gmg = 0.20 kg m/s = 0 093 m
2.15 kg/s
2.15 kg/s 2
.
.
If R is less than this value, then f
will not occur.
8(2).

<

Hence for R ~ 0.093 m slipping

0.20 N.

A banked circular highway curve is designed for frictionless traffic
moving at 60 km/h. The radius of the curve is 200 m. A car is moving
along the highway at 80 km/h on a stormy day.
(a) Draw a free-body diagram of the car negotiating the curve.
(b) Identify the interactions responsible for the centripetal force.
(c) What is the minimum coefficient of friction between tires and road
that will allow the car to negotiate the turn without sliding off
the road?

Solution
(a) Free-body diagram is shown in the figure below.

R
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(b) The component of the resultant force that is directed toward the center
of the uniform circular motion is the "centripetal" force, or the force
-+
holding the body in a circular path. Whas zero component in this direction;
f has a component of magnitude f cos e in this direction; Nhas a component
of magnitude N sin e in this direction. Therefore, f and are
responsible for the centripetal force. The centripetal force is given by
f cos e + N sin e = mv 2/R.
(4)

N

(c) The highway is banked for a car moving at 60 km/h or 16.7 mis, which
means that the car need not depend upon friction but only upon the normal
force to provide the centripetal force. Thus,
(5 )
N sin e = mv 2R
where we have set f = a in Eq. (4). But since in the j direction there
is zero acceleration,
(6)
N cos e - f sin e - mg = O.
Setting f = 0, we have
(7 )
N cos e = mg.
Dividing Eq. (5) by Eq. (7), we obtain
i
N sin e mv 2/R or tan
e = Rg ,
N cos e = mg
(16.7 m/sl 2 = 0.142,
tan e =
(200 m)(9.B m/s2)

e=

B.lo.

Now including friction when the car is traveling at v
22.2 mis, from Eq. (4) we find
N sin e + f cos e = mv 2/R,

= BO

and from Eq. (6) :
N cos e - f sin e = mg.
Since f = ~N, when the car is just about to slip sideways
N sin e + ~N cos e = mv 2/R,
N cos e -

~N

sin e

= mg.

km/h or

STUDY GUIDE:
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Dividing these two equations, we get
sin e + ~ cos e
v2
cos e - ~ sin e = ~ = K.
Solving for ~:
~

C(2).

K cos e - sin e K =
(22.2 m/s)2 = 0.250,
= cos
e + K sin e'
(200 m)(9.8 m/s2)
":"':'-~-=-...,.,...-'="';":'~

A passenger rides around in a Ferris wheel of radius 20.0 m that makes
one revolution every 10'seconds. The mass of the passenger is 75 kg.
(a) Draw a free-body diagram of the passenger at an arbitrary point
along the circle.
(b) What interaction(s) is responsible for the centripetal force?
(c) What force does the passenger exert on the seat when he is at
the bottom of the circle?

Solution
(a)

(b) Two interactions are responsible for the centripetal force - the force the
+
+
seat exerts on the posterior of the passenger (N + f) and the weight of the
passenger (W) (N = normal force, f = frictional force). The centripetal
force is given by
Fc = Wcos e + f sin e - N cos e.

STUDY GUIDE:
(c)
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The speed of the Ferris Wheel is v = (2~R)/10 s, where R is the radius
of the Ferris Wheel and 2~R the circumference of the circular path of
the passenger.
I
v = 12.6 m/s.
I
I
The centripetal acceleration is
a = v2/R = 7.9 m/s2.
At the bottom of the circle,
the passenger's acceleration
is directed upward. Therefore
the net upward force on the
rider is
F = rna = (75 kg)(7.9 m/s2) = 592 N.
The upward force exerted by the seat must have a greater magnitude than
the man's weight [W = (75 kg)(9.8 m/s2) = 735 NJ by 592 N. Therefore the
$eat must push up with a total force of 592 N + 735 N = 1327 N on the
passenger, and the passenger exerts an equal but opposite force on the
seat.

0(3).

t

An inclined plane of mass m
l
slides to the right on a
horizontal frictionless
surface. The coefficient of friction between
these two surfaces is ~l'
Blocks 2 (mass m2) and
3 (mass m3) are connected
by a rod (massless) and
slide down the incline.
The coefficient of
friction between the incline and the two blocks is ~.
(a) Draw a free-body diagram of each body.
(b) Using Newton's third law, identify all action-reaction pairs among
these ~our bodies.

~IUUY

bU1Ut:
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Solution
(a)

(b)

1
+2
-f 2
+
+N2
-N 2

,I

\

13
+
-f3
+
+N3
-N3
F2
+
-F 2
F3
+
- F3

=
=
=
=
=
=
=
=
=
=
=
=

frictional force #1 exerts on #2
frictional force #2 exerts on #1

~/*3

normal force #1 exerts on #2
normal force #2 exerts on #1
frictional force #1 exerts on #3
frictional force #3 exerts on #1
normal force #1 exerts on #3
normal force #3 exerts on #1
force #2 exerts on rod
force rod exerts on #2
force rod exerts on #3
force #3 exerts on rod

0

/1

F,

m39

See General Comment 3 to see
+
+
how F2 and F3 are related.

STUDY GUIDE:
E(3).

Applications of Newton's Laws

12

In the figure at the
right the table top is frictionless; the pulleys are frictionless and massless. Find the
tensions in the cords, and the
acceleration oT the system,
assuming Ml , M2 , and M3 are
known.

Solution
When you move on from considering the motion of a single object to finding the
motion of two or three objects, the chief new ingredient, you will find, is the
solution of a set of two or three simultaneous equations.
The free-body diagrams are shown at the right:
Ifl I = If21 = Ta and IT21 = 1T31 = Tb· For
Ml we shall take the x axis pointing
vertically upward; for M2, horizontally
to the right; and for M3 , vertically
downward. (Of course, other choices
are possible at this point.) The
interesting components of Newton's second
law for each of the blocks are then
(8)
Mla x = Ta - Mlg, M2ax = Tb - Ta , and M3ax = M3g - Tb·
(Note that the above choice of axes has made a lx = a2x = a3x ; their common
value has been denoted simply by ax in the above equations.)
We. now have a set of three equations involving the three unknowns ax' Ta , and Tb.
Fundamentally, the approach to solving such a set is to combine them so as to
obtain a (necessarily smaller) set in which at least one of the unknowns does
not occur. When such a procedure is carried out repeatedly, we eventually end
with just one equation that involves only one of the unknowns. With the
equations above, one might start by "solving" the first for Ta:

I

\

Ta = Mla x + Mlg,
(9)
and substituting this into the second equation:
M2ax = Tb - Mla x - M1g·
(10)
This equation along with the third of Eqs. (8) now gives us ·our first new set.
Note that this new set consists of two equations in two unknowns; Ta has been
eliminated from this set. Proceeding again, we solve the third of Eqs. (8)
for Tb and substitute the result "into Eq. ,10). This y:e1ds the one equation
(11)
M2ax = M3g - M3ax - Mla x - Mlg,

STUDY GUIDE:
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which can finally be solved to obtain ax in terms of known quantities:
ax = (M 3 - Ml)g/(M l + M2 + M3)·
(12)
It is now a straightforward matter to substitute this into Eq. (9) to obtain
Ta , and into ~q. (10) or the third of Eqs. (8) to obtain ~b:
M (M + 2M 3 )g
T = l 2
a Ml + M2 + M3

and

M (2M + M2)g
T = 3 l
b Ml + M2 + M3

(13)

Often, one can find variations of the above solve-and-substitute procedure that
are quicker. For example, simply adding all three of Eqs. (8) yields
Mla x + M2ax + M3ax = -Mlg + M3g,
(14)
which can be solved for ax' to obtain Eq. (12).
F(4).

Block 1 of mass 1.00 kg rests on block 2 of mass 4.0 kg, which rests on
a frictionless table. The coefficients of friction between the two
blocks are ~s = ~k = 0.40. If block 2 is given a hard enough push,
block 1 will slide off. We want to apply the largest possible force
to block 2 such that block 1 will not slip.
(a) Draw free-body diagrams for both blocks, showing and labeling all
forces.
(b) Using Newton's third law, identify the action-reaction forces
between the two blocks.
(c) Determine this largest possible force applied to block 2 such
that block 1 will not slip.
l.

Solution

Applied Force

(a)

,

,~

A-

-

·fo
N,/
Z

mz~

A.

L.i •fz.

,

"

rR,

t.1

~rt

"

"

"

mls
-+

"

2.

...

0

L1
it'l .-+
0

~ llmJ

Fa

~

,

STUDY GUIDE:
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f1
f2
"*T1
-+
N1
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= -f-+ 2,
is the
is the
-+
+,
N1 =-N 2,

N2

14

frictional force that block 2 exerts on block 1.
frictional force that block 1 exerts on block 2.
-+
If11
= l- -+f 21 = f (action-reaction pair).
normal force that block 2 exerts on block 1.
normal force that block 1 exerts on block 2.
-+
-+
IN11 = I- N21 = N (action-reaction pair).

(c) Apply Newton's second law to each of the blocks, i . e. , LF x =- ma x and
LFy = may. For block 1,
(15 )
f = m1a1x
and
(16 )

For block 2,
Fa - f = m2a 2x '
N2 - N - m2g = 0 or N2 = N + m2g = (m 1 + m2)g·

(17)
(18 )

Now
f $ ~N = ~m1g.
(19)
This normal force (N) is that action-reaction force between the blocks.
If block 1 is to stay stationary on block 2, they must have the same
acceleration:
(20)
a1x = a2x = a.
From Eqs. (15) and (19),
(21)
a = f/m 1 $ ~(m1/m1)g = ~g.
Substituting Eq. (15) into Eq. (17) we obtain
Fa = m1a1x + m2a2x '
Using Eq. (20), we find
Fa = (m 1 + m2 )a,
and using Eq. (21), our result is
Fa $ (m 1 + m2)~g
S (1.00 kg + 4.0 kg)(0.40)(9.8 m/s2)
$ 20 N.

STUDY GUIDE:
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A block of mass ml on a smooth inclined plane of angle e is connected
by a cord over a small frictionless pulley to a second block of mass m2
hanging vertically.
(a) Draw a free-body diagram
of each block.
(b) What is the acceleration
of each block?
(c) What is the tension in
the cord?

Solution
(a)

IJ
\~
\

1

I

r

---+L

W
1

.,

-+ - - - x
..J

Wz.

(b) Consider the rope and the pulley to be massless. Block 2 exerts a downward force T2 on the rope, and the rope exerts an upward force T (tension) on
block 2. T2 =
(by Newton's third law). Block 1 exerts a force Tl toward
-+the -x direction on the rope, and the rope exerts a force T' on the block.
-+-+Tl = -T' (by Newton's third law). Since the rope and pulley are massless,
-+-+from the discussion in General Comment 3, IT' I = ITI = T.

-r

STUDY GUIDE:

Applications of Newton's Laws

16

For ml the coordinate system is oriented such that the x axis lies along the
incline with x increasing toward the right. This is done for convenience
because two of the forces lie along this direction. App'ying Newton's
second law in component form to m, :
rFx = max: T - W, sin e = m,a"
(22)
rFy = may: N, - W, cos e = ml(O).
(23)
For m2 the coordinate system is oriented in the conventional way with the
y axis vertical. App'ying Newton's second law in component form to m2:
rFy = may: T - W
(24)
2 = m2a2'
Now ml must have the same magnitude of acceleration as m2 because of the
"nonstretchable" connecting rope. Thus al = a = -a 2 (when ml moves right,
al is positive while m2 goes down, making a 2
T - Wl sin e = mla or T = m,g
Equation (23) becomes
Nl - Wl cos e = 0,
Nl = mlg
Equation (24) becomes
T- W
T = m2g
2 = -m 2a,
Combining Eqs. (22) and (24) we obtain
mlg sin e + mla = m2g - m2a
or
a = g(m 2 - ml sin e)/(m l + m2).
Let's check the units: sin e is unitless so
those of acceleration.

negative).
sin e + mla.
cos e.
- m2a.

the units of mass cancel, leaving

Limiti ng case: If e = 0, we would have the case:
a = gm 2/(m l + m2);
if m2 -- 0, a = 0;
if ml = 0, a = g.
Is this reasonable?
If e = 90°, we would have the case:
a = [~2 - ml)/(m l + m2)]g;

= m2 , a = 0;
if ml = 0, a = g.

if m
l

Is this reasonable?

Equation (22) becomes

STUDY GUIDE: Applications of Newton's Laws
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(c) From Eq. 24,

H(5).

A 3.6-kg block and a 7.2-kg block connected together by a string slide
down a 30° inclined plane. The coefficient of friction between the
3.6-kg block and the plane is 0.100; between the 7.2-kg block and the
plane it is 0.200.
(a) Draw a free-body diagram of each block.
(b) Find the acceleration of the blocks.
(c) Find the tension in the string assuming that the 3.6-kg block leads.
(d) Describe the motion if the blocks are reversed.

Solution

N1

\

(b) First we must determine the acceleration of each block as though they were
not hooked together. If block 2 were accelerating faster than 1, the
blocks would be in physical contact. Assume each block acts independently
of the other, i.e., Tl = T2 = O. Applying Newton's second law for block 1,
we find

rFy -- rna'
y'

Nl - mlg cos

e = O.

STUDY GUIDE:

'8
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or
a,

= g(sin e - ~,

cos e)

= (9.8

m/s 2)[0.50 - (0.100)(0.87)],

2

a, = 4.' m/s .
For block 2, we find

EFy = may:
But since f2

= ~2N2'

m2g sin e a2

N2 - m2g cos e = O.

= g(sin

cos e

= m2a2 ,

e - ~2 cos e)

= 3.20

~2m2g

m/s2.

Therefore, there is a tension in the rope.
-for block 1,

Apply Newton's second law again:

EFx = max: m,g sin e - f, - T, = m,a 1 ,

or
m,g sin e -

~,m,g

cos e - T, = m,a 1 .

(25)

For block 2,
EFx

=

max: m2g sin e + T2 - f2

=

m2a2 ,

or
(26)

STUDY GUIDE:
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= T2 = T:

Adding Eqs. (25) and (26), we find
mlg sin

a

=

e-

~lmlg

mlg(sin e -

~l

cos

e + m2g

sin

e-

e = (m l

~2m2g

cos

~2

cos e)

cos e) + m2g(sin e ml + m2

+ m2)a,

,

(27)

_ (3.6 kg)(9.8 m/s 2)[(O.50)-(O.100)(O.87)]+(7.2 kg)(9.8 m/s 2)[(O.50)-(O.200)(O.87)]
a 10.8 kg
,

a = 3.5 m/s 2 .
(c) From Eq. (26), we find

T = (7.2 kg)(3.5 m/s 2 )+(O.200)(7.2 kg)(9.8 m/s 2)(O.87)-(7.2 kg)(9.8 m/s 2)(O.50),
T

= 2.20 N.

(d) Now the blocks are in contact and in our free-body diagram T1 will point
down the plane, and T2 will point up the plane. Tl =-T by Newton's third
2
law and l = 2 =
Equations (25) and (26) will be the same except the
signs of Tl and T2 will be changed; but when we add the equations T, and
T2 will cancel leaving the same equation for a or Eq. (27).

a a a.

1(5). A mass mon a frictionless table is attached to a hanging mass M by a cord
through a hole in the table.
Find the condition (v and r)
with which m must spin for
M to stay at rest. Draw
free-body diagrams for
.".,.- .....
both objects.
,-

I

m\~.
I

- .....
I

I

'"-i

l'

-

~/

M

STUDY GUIDE:
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Solution
Draw a free-body diagram for both
-.,
objects. (r = radius of circular
'1'
path for the object of mass m. v
-+
T
is uniform speed of the object of
M
/Ii 0 - - -.....
mass m.) The object of mass m is
undergoing uniform circular motion,
where T provides the centripetal
force. Hence T = mv 2/r. The
connecting cord is massless, and the hole just changes the direction of the
force that the object of mass M exerts on the object of mass m via the rope
IT~I = If I . For the object of mass M, applying Newton's second law we find
T~ - Mg = 0, so T~ = T = Mg = mv 2/r or
l/r

= Mg/m.

Problems
J(2).

An old street car rounds a corner on unbanked tracks. The radius of
the tracks is 9.1 m and the carls speed is 4.5 m/s. The loosely hanging hand straps swing to one side.
(a) Draw a free-body diagram of a strap.
(b) What interaction(s) are responsible for the centripetal force on the
strap?
(c) What angle will the strap make with the vertical?

K(2).

A boy of 30.0 kg rides on a Ferris wheel that has a radius of 4.0 m
and makes one revolution every 8.0 s.
(a) Draw a free-body diagram for
the forces on the boy when the
boy is in the position shown.
I
(b) What interaction(s) are reI
I
sponsible for the centripetal
I
force on the boy?
I I
II
(c) What force does the seat of
the Ferris wheel exert on
IJ
the boy in the position shown?

?II/

STUDY GUIDE:
L(5).
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In the figure at the right, the crane
exerts a constant upward force on the
upper crate. The crates have equal
mass: Ml = M2 = M.
(a) Draw a free-body diagram for each
crate.
(b) Write Newton's second law in
component form for each crate.
(c) Find the acceleration of the
crates and the tension T in
the cable.
(d) Given that F = 1100 Nand
M= 50 kg, how long does it
take to lift the crates
15.0 m, starting from rest?

M(5).

Exactly at 5:00:00 p.m., a Rock Island switch engine proceeds to push two
boxcars across the Vine Street crossing. The engine exerts a force '1
on boxcar 1; the two boxcars experience frictional forces fl and f2'
respectively. Assume all these forces are constant.
(a) Draw a free-body diagram for each of the boxcars.
(b) Write Newton's second law in component form
for each of them.
(c) Find the acceleration of the boxcars, and
the force that the first exerts on the
second.
(d) You are waiting to cross on your bicycle,
with the front of boxcar 2 directly in front
of you, when this train starts off from rest.
How much longer will you have to wait?
4
4
Fl = 7.0 x 10 N, f, = 1.20 x 10 N, f2 =
4
1.00 x 10 N, and Ml = M2 = 2.00 x 10 4 kg.

STUDY GUIDE:
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N(5).

A tow-truck is pulling a car, by means of a long cable, across an icy
bridge in the wintertime. Though proceeding very slowly, the truck
slides off on one side; but fortunately for the driver, the car simultaneously slides off on the other side. The mass of t~e car, Mc ' exactly equals that of the truck ~ driver, so that in a little while
the system is hanging at rest, as shown. However, the driver tires
of waiting to be rescued, and finally manages to climb out onto the
bridge; this unbalances the system by his weight, Md9, and the car
starts to descend. The bridge is so slippery that the friction between
the cable and the bridge can be neglected.
(a) Construct free-body diagrams, showing and
identifying all forces acting, for both
the car and the truck.
(b) Write Newton's second law in component form
for each vehicle.
(c) Calculate the acceleration of the system, and
the tension in the cable.
(d) After the car has fallen 2.00 m, the truck
strikes the bridge. How fast is it moving
then? The masses of the car and truck are
Mc = 1050 kg and Mt = 950 kg.

0(5).

A switch engine is pushing two boxcars up an incline,
with an acceleration of 1.00 m/s 2 along the incline.
Use free-body diagrams and Newton's second law to
find the forces Fea , which the engine exerts on
boxcar a, and Fab , which boxcar a exerts on boxcar b.
As your final step, insert the numerical values
e = 6.0°, Ma = 1.00 x 10 4 kg, Mb = 2.00 x 10 4 kg,
and (for the frictional forces) fa = fb = 1.00 x 10 4 N.

STUDY GUIDE:
P(5).

Applications of Newton1s Laws

23

In the figure at the right, the
table top and the pulley are frictionless; the pulley and the cords
are massless.
(a) Draw free-body diagrams for
all the blocks.
(b) Use Newton1s second law to find
the a9celeration of the system
and the tension Tb .
(c) Given that Ml = M2 = M3 , how
far does M3 fall in 0.300 s7
How fast is it goi~g then?

Q(5). Two blocks are connected by a massless string and placed on horizontal and inclined surfaces as indicated in the figure at the right.
(a) Draw free-body diagrams for
the two blocks, showing all the
forces acting on each block.
(b) Find the magnitude of the
acceleration of the system
given ml = 10.0 kg and m2 = 20.0 kg.
(c) Find the tension T in the string ..

Fric.tiot'l here
}J-k. ': 0.'4-0

Solutions

J(2).

(a)

(b) The horizontal component of the force that the ceiling exerts on
the strap.
(c) 13°.

STUDY GUIDE:
K(2).
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(a)

(b) The components of the frictional force, normal force, and weight
along a radius of the wheel to the position of the boy.
(c)
L(5).

~

T

~

A

A

+

~

~

A

A

= 37; N, N = 230j N, s = T + N = (37i + 230j) N.

ITll = IT21 = T.
(b) Ma ly = F - W
1 - T, Ma lx = 0; and
Ma 2y = T - W
2 , Ma 2x = 0, where
a1y = a2y ;

(a)

(c) ay = (F - W
1 - W
2)/2M = F/2M - g,
T = (1/2)F;

= 5.0 s.

(d) t

M(5).

(a)

(b)

= F, - F2, - f" M,a y = 0;
and M2ax = F'2 - f2' M2ay = 0;

M,a~

(c) a

X

F, - f, - f2
M, + M2 '

= ~:---~-~

M2(F, - f,) + M,f 2
F12 =
M, + M2
;
(d) '0 s.
{,

N(5).

(a)

fT

t

Wt=MrS

(d) '.4 m/s.

~Tc

Wc=Mcg

(b) Mta ty = T - Mtg, Mta tx = 0, and
MCaCY = T - Meg, Mcacx = 0, with
acy -- - aty'.
_ 2M M .
_ Me - M
(c) aty - M + Mt g, T - M t+ cMg,
c
t
t
c

STUDY GUIDE:
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With the x axis upward along the incline, Maa x = Fea - Fba - fa - Wa sine,

0(5).

and Mba x = Fab - fb - Wb sin e, where
Fba = Fab · So Fab = Mba x + fb + Wb sin e
4
= Mb(a + g sin e) + fb = 5.0 x 10 N,
x
and Fea = Maax + f a + Wa sin e + Fa b
=8.1xlO

P(5).

N.

(a)

Tb

=

Ml + M2 + M3

(c) 3gs 2/100

Q(5).

4

(a)

= 0.29 m; gs/5 = 2.0 m/s.

(b) 3.3 or 3.4 m/s2;
(c) 72 N.

PRACTI CE TEST
1.

A constant force t pulls on block 2,
so that both objects accelerate upward
along the incline. The coefficient of
friction between each block and the
sloping surface is ~k'
(a) Draw a free-body diagram for block
1, showing all the forces acting on
it. Identify the agent responsible
for each of these forces.
(b) In a separate diagram, do the same for block 2.
(c) Set up a suitable coordinate system, and write Newton's second law in
component form for block 1. In your final equations evaluate any
gravitational and/or frictional forces in terms of g and/or ~k'
(d) Do the same for block 2.

STUDY GUIDE:

(e) If F = 200 N, Ml = 16.0 kg, M2
acceleration of the blocks.
2.
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= 4.0 kg, Uk = 0.50, determine the

Two small blocks of equal mass are
attached to two strings of equal length
and are set into rotation on a horizontal frictionless plane with uniform
circular motion. Find the ratio of
the tension in the inner string to
that in the outer string.

\

\
\
\

,,

Zr

Practice Test Answers
1.

Nl is the normal force (1 component of plane on block);

(a)

1\1 is the frictional force

(II

component of plane on block);

W
l is

the weight of block or
attraction of earth for block;

T is

the tension in rope-pull of
rope on block.

N2 is the normal force;
fk2 is the frictional force;
W
2 is the weight;
T is the tension in rope;
F is the force pulling agent exerts
on block.

(b)

~

W

z

(c) ax

=

(T/M l ) - Ukg cos 30°

(d) ax

=

[(F - T)/M 2] - Ukg cos 30°

(e) a

= [F/(M l

the plane.

g sin 30°.

+ M )] - ukg cos 30°

2

g sin 30°,
g sin 30°, a

= 0.9 m/s 2 upward along
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Mastery Test
Form A
Name
1.

Date
pass

----------------recycle

1

2

3

4

5

Tutor _____________________
Two bodies of equal mass (4.0 kg) are placed on inclined planes and
connected by a rope that passes over a frictionless pulley as shown.
All surfaces are frictionless and the rope has negligible mass.

(a) Make a free-body diagram
for each body.
(b) Describe any action-reaction
forces between the two bodies.
(c) Find the acceleration of the
system and the tension in the rope.
2.

A 40-kg child stands in place on a merry-go-round. He is 3.00 m from
the center of rotation, and the merry-go-round makes one turn every 7.0 s.
(a) Draw a free-body diagram of the child.
(b) What interaction(s) is/are responsible for the centripetal force?
(c) Determine the magnitude of the total force that the merry-go-round
exerts on the child.

Date
pass

APPLICATIONS OF NEWTON'S LAWS
Mastery Test
Form B
Name
1.

1

Tutor

---------------2

recycle
345

--------------------------

Each block in the figure has a mass of 5.0 kg. The pulley is frictionless, but the inclined surface has a coefficient of sliding friction
~ = 0.200.
The static friction is small enough so that the system
moves.

(a) Draw free-body diagrams for
both blocks.
(b) Describe any action-reaction
forces between the two bodies.
(c) Find the acceleration of the blocks.

2.

A youngster is flying a 0.50-kg model airplane at the end of a 6.0-m
guide control. The control makes an angle e upward with respect to the
horizontal, while the airplane flies in a circular path at a uniform
speed of 9.5 m/s. Assume an aerodynamic lift force in an upward
vertical direction.
(a) Sketch the situation and draw a free-body diagram for the airplane.
(b) What is the force or forces responsible for the centripetal force?
(c) Express the tension in the guide cortrol as a function of the angle
e of the guide with the horizontal.
(d) For e = 30°, determine the vertical aerodynamic lift force on the
airplane.

Date
pass

APPLICATIONS OF NEWTON'S LAWS
Mastery Test
Form C
Name ______________
1.

1

---------------recycle

2

345

Tutor __________________

A piston exerts a constant horizontal force P on block A so that both
blocks accelerate toward the right. The coefficient of kinetic
friction between each block and the horizontal surface is ~.

(a) Draw a free-body diagram for
both bodies.
A
8
-+
(b) Describe any action-reaction forces
p
between the blocks.
mA
rnB
(c) If P = 100 N, mA = 1.50 kg,
I
I
I
mB = 0.50 kg, and ~ = 0.50,
determine the acceleration of
the blocks.
(d) Determine the force that block A exerts on block B.
2. A car drives at 40 m/s around a circular track of radius 200 m. The
track is correctly banked so the car doesn't depend on friction as it
rounds the corner.
(a) Draw a free-body diagram of the car.
(b) What force (or forces) is responsible for the centripetal force?
(c) Determine the angle of the bank (i.e., the angle of incline the
road makes with the horizontal).

,

i

, , I, , , ,I, ,

Instructor

Date_________________

------------------

APPLICATIONS OF NEWTON'S LAWS
MASTERY TEST
Name

FORM D

pass
1

--------------------------

Tutor

recycle
2

3

4

5

-------------------------

1. A banked circular highway is designed for frictionless traffic moving at
80 km/hour. The radius of the curve is 300 m.
a) Draw a free body diagram of a car on the curve.
b) Find the angle of banking of the highway.

2.

= 4 kg; m = I kg)
2
are connected by a massless string
over a frictionless pulley as shown.
Block m is released at time t=O;
l
h = 3m.
Two masses (m

l

a) Draw
free body diagrams of the two
bodies. Be sure to label the coordinate
system you use.
b) Calculate the acceleration of the
system.
c) Find the time at which m hits the
l
floor.

Courtesy of University of Missouri-Rolla

Instructor

Date_________________________

--------------------pass

APPI.lCATIONS OF NEWTON I SLAWS
MASTERY TEST

FORM E

1

2

recycle
3

4

5

Tutor________________________

1.

In terms of m , m , and g, find the
2
l
acceleration of both blocks in the
figure. Neglect all friction and
the masses of the pulleys.

2. An old record player is to be used as a device to measure the coefficient
of static friction between rubber and steel. The turntable is steel and
10 rubber erasers are placed at 1 cm intervals along the radius. When the
turntable has reached its operating speed of 78 rev/minute, 4 erasers have
fallen off. What is the minimum value of ~ ?
s

Courtesy of University of Missouri-Rolla

Date _______________________

InHtrllctor _ _ _ _ _ _ _ _ _ __
APPLICATIONS OF NEWTON'S LAWS
MASTERY TEST

FORM F

pass
1

---------------------

NAME

1. For the system shown
a) Draw a free body diagram
for each block.

Tutor

recycle
2

3

4

5

--------------------

Tension T = 50 newtons
Coefficient of kinetic frictions:
llK = .2

b) Find the acceleration of
t.he system
c) Find the value of the
Mass, M.

2.

At how many revolutions/sec must the
apparatus shown rotate about the
vertical axis in order that the cord
makes an angle of 37 0 with the vertical?

Courtesy of University of Missouri-Rolla
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A-l

MASTERY TEST GRADING KEY - Form A
What to Look For

Solutions

1 • (a)

Body #1

mj
Body #2

(~

\

I

(b) Ask what the rope
and pulley do.

(c) Watch for the orientation of the coordinate
systems. Assume body 2
moves down the 60° incline
and body 1 moves up the 30°
incline.

(b) None: The action-reaction pairs are
between the blocks and rope. The rope
transfers a force from one block to the
other while the pulley changes the direction of this force.
(c) Taking the orientation of our coordinate
systems as shown in part (a), we apply
Newton's second law:
Body 1,
(1)
EF = rna : Tl - mg sin 30° = mal'
x
x
EF = rna : Nl - mg cos 30° = 0,
y
Y
Body 2,
EF x = rna x : mg sin 60° - T2
EFy = rna y'. N2 - mg sin 60°

= ma 2 ,
= O.

(2)

A-2

APPLICATIONS OF NEWTON'S LAWS
T1

=

T2

=

T

3. See General Comments;
al = a2 = a·
Two bodies move as a system.
To solve for T, we can go back
to either Eq. (1) or (2).

Adding Eqs. (1) and (2), we get
mg sin 60° - mg sin 30° = 2ma,
a = (g/2) (sin 60° - sin 30°),
2
a = (9.8 m/s )(0.B7 - 0.50)
2
a = 1.B m/s2.
From Eq. (1),
T = mg sin 30° + ma
= m(g sin 30° + a)
= (4.0 kg)[(9.B m/s 2)(0.50) + 1.B m/s2]
T = 26 N.
2.(a)

2.(a)

(b) The frictional force between the
child's feet and the merry-go-round
is responsible for the centripetal
force.
(c) The merry-go-round exerts a
normal force N and a
frictional force f on the
child, so we need both f
and N.
~

(c) Applying Newton's second law:
~F = ma: f = mv 2/r,
x

~F

Y

x

= ma: N - mg = O.
Y

~

v

.

The magnitude of the total force
exerted by the merry-go-round
is given by FT = (N 2 + f2)1/2.

= 2rrr

B.O s

= 2TI(3.00 m)
8.0 s

f = (40 kg)4TI 2(3.00 m)2
(B.O s)2(3.00 m) ,
2
f = 4n (40 k9)~3200 m) = 74 N,

(B.O) s
N = mg = (40 kg)(9.B m/s2) = 390 N,
FT = [(390 N)2 + (74 N)2J l / 2 = 400 N.

APPLICATIONS OF NEWTON'S LAWS
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MASTERY TEST GRADING KEY - Form B
What to Look For
l.(a)

Solutions

Body #1

\
\

\

,

~\
Body #2.

(b) See General Comment 3.

(b) None: The action-reaction pairs are
between the blocks and the rope,
but not between the blocks.

(c) Assume block 2 goes
vertically down while
block 1 slides up the
plane.

(c) Applying Newton's second law to
body 1:

EFy = ma:
y
For body 2:
For body 1:
f

Nl - mg cos 30° = O.

EFx= max:

(1)

mg - T2 = ma 2. (2)

= ~Nl = ~mg(cos 30°).

Substituting this into Eq. (1),
Tl - pmg(cos 30°) -mg(sin 30°)
See General Comment 3.

Add Eqs. (3) and (1).

= ma l .(3)

APPLICATIONS OF NEWTON'S LAWS

B-2
mg - ~mg cos 30° - mg sin 30°

The two bodies move at the
same rate.

= 2ma,

a = g/2[1 - ~ cos 30° - sin 30°]
a

= (9.8 m/s 2/2)[1 - (0.200)(0.87) - 0.50],

a = 1.6 m/s 2 .
What would have resulted if we
had assumed block 1 was moving
down the plane?

The frictional force on block 1 would
change direction and the calculated
acceleration would be negative, showing
we had chosen the incorrect situation.
2. (a)

/'
t-::------------

(c) Note the radius of the
circular path of the airplane is R cos e.

(b) The horizontal component of the
tension is responsible for the
centripetal force.
(c) Applying Newton's second law to
the airplane, we find
LF x = rna:
x

T cos e = mv 2/r,

LFy = rna:
y

L - T sin

From Eq. (4):
T cos e

=

mv 2/R cos e,

(4)

e - mg = 0 (5)

8-3

APPLICATIONS OF NEWTON1S LAWS
T = mv 2/R(cos e )2
T

= (0.50 kg)(9.5 m/s)2
2
(6.0 m) cos e

T = (7.5/cos 2
(d) From Eq.

e)

N.

(5):

L

= T sin e + mg,

L

= 7.5

sin 30°

(cos 30°)2
+ (0.50 kg)(9.8 m/s2)

= 9.8 N.

APPLICATIONS OF NEWTON'S LAWS
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MASTERY TEST GRADING KEY - Form C

Solutions

What to Look For
1. (a)

1. (a)

BodY A

N.A

NA
r:-

P

J

..

~

""

L

RA

RA

l!-

~

I

f"
,~A

WA

N~

Body B

~

J

R

~

4

(b) RA and RB are an action-reaction pair.

RA is the

force that block B exerts on block A.

RB is the

force that block A exerts on block B.

RA

=-

RB·

(c) Applying Newton's second law to block A, we find
x

= rna x'•

y

= rna y : NA - WA = 0,

EF
EF

P - fA - RA = mAa Ax '
(1)

but
fA

= ~NA = ~WA = ~mAg·

Substituting this into Eq. (1),
P - llmAg - RA = mAa Ax '

(2)

APPLICATIONS OF NEWTON'S LAWS
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Block B,

= max: RB ~Fy = may: NB fB = ~NB = ~mBg,

~Fx

RA

= RB as discussed in

= mBa Bx '
WB = 0,
fB

(3)

= mBa Bx •

RB - ~mBg

(4)

Add Eqs .. (2) and (4):

part (b).

P - ~mAg - ~mBg
a

=

P-

~g(mA +

= (rnA

+ mB)a,

mB)
=

P

-

~g,

100 N
2
2
a = 2.00 kg - (0.50)(9.8 m/s ) = 45 m/s .
(d) From Eq. (4),
RB

= ~mBg + mBa
= (0.50)(0.50 kg)(9.8 m/s2)
= 25 N.

+ (0.50 kg)(45 m/s2)

2. (a)

(b) The component of the normal force in the horizontal
direction is the centripetal force.

APPLICATIONS OF NEWTON'S LAWS

C-3

(c) Apply Newton's second law,
N sin e = mv 2/r,
N cos e - mg

=

O.

Divide these two equations:
,
'(

N sin e
N cos e
tan

= mv 2/r ,
mg

e = i/rg
e = arc tan

= arc tan

(

(40 m/s)2
)
(200 m )(9.8 m/s2)

= arc tan (0.82).

\.

